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392 Clmpi<rl9.2 Pharmacology of Cancer Chemotherapy 
DRUG DEVELOPMENT 

Although there is an urgent need to move promising new thera- 
pies into clinical trial, important and clinically relevant infor- 
mation may be lost by proceeding immediately from a primary 
in vitro screen to a clinical trial without denning the in vivo 
activity of an agent, its pharmacokinetics and schedule depen- 
dency in an.mals, and its profile of toxicity for normal and 
malignant cells and tissues. Rather than omitting many of these 
important investigations, efforts should be made to better exe- 
cute the studies in a timely manner to provide safe and reasona- 
ble start.ng doses for implementing phase I trials in patients. 

Secondary in vitro studies to optimize the exposure time to 
an agent and to define its potential mechanism of action are 
useful for the investigators planning the in vivo studies. Exami- 
nation of the dose-response data for several tumor cell lines 
should perm.t a selection of the optimal tumor system for sub- 
sequently evaluating in vivo efficacy. Further, preliminary 
pharmacologic studies in noniumor-bearing animals provide 
useful information about the plasma concentrations achievable 
and an est.mate of the acute toxicity after systemic administra- 
tion of a new agent. Success in identifying new therapies relies 
on the expeduious, yet careful, conduct of those studies perti- 
nent to developing a promising in vitro observation (derived 
from either the cell-line screen or the molecular models) into 
an actual drug candidate. 

IN VIVO ANTITUMOR ASSAYS CURRENTLY IN USE 
(V<Hc current NCI developm ent schema, the human tumor 
\ {*" '"' e mosl «n»uivc to an active candidate in vitro is selected* 

I to. testing as a xenograft in a subcu tanenn* ,m»l a .„ •. ' 

I nude mo use. 



Failure to demonstrate in vivo efficacy for agents that displav 
strong in vitro evidence of antitumor activity should prompt 
additional studies to determine whether there is a pharmacoki- 
netic or metabolic explanation for the loss of activity. The ini- 
tial lead, either discovered by an empiric screen or as a result 
ol rational chemical design, is rarely the optimal chemical en- 
tity for clin.cal investigation. Lead optimization and an itera- 
tive process between chemists and tumor biologists may be re- 
quired to enhance the in vivo therapeutic index. Factors such 
as poor solubility and rapid in vivo metabolism may be cor- 
rected by analog development. More potent and less toxic de- 
rivat.ves can often be subsequently developed (i.e.. provided 
the molecule is amenable to modification). 

PRECLINICAL PHARMACOLOGY 

Preclinical studies in mice, rats, and dogs provide essential 
information about pharmacokinetics and provide a basis for 
rational schedule development for the new drugs in humans. 
Factors such as bioavailability (for agents administered by the 
oral route), metabolism, renal excretion, and penetration into 
the central nervous system contribute to the understanding of 
how best to test a new drug in humans. Although there is no 
guarantee that the human subject will handle a new drug in 
the same way as the animal species, in most instances the major 
pathways for drug metabolism and excretion are qualitatively, 
if not quantitatively, the same across species 
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Pharmacokinetic information in animals can also provide a 
rational basis for dose escalation in humans. Collins and associ- 
ates have hypothesized that dose-limiting toxicity in mice and 
humans is a function of drug exposure, as measured by the 
area under the drug concentration in plasma X time curve (C 
x TV y They predict that animals and humans encounter dose- 
hmiting toxicity at the same C x T for any given drug and 
that the experimentally determined dose-limiting C X T can 
be used as a target for dose escalation in humans. An analysis 
of recent experience with phase I drug trials suggested that 
for most, but not all, drugs, the relationship of C X T to toxicity 
holds across species. 49 This work potentially allows the clinical 
investigator to base initial dose escalation steps on measure- 
ments of C X T. Dose escalation can proceed in a more rapid 
fashion than formerly possible using empiric schemes, and 
wasteful multiple steps in dose escalation can be avoided. This 
approach, although apparently valid in retrospective studies, 
still requires broader validation in a prospective manner. 

Drugs that demonstrate substantial interspecies variation in 
patterns of target tissue activation are not good candidates for 
this approach. For example, drugs activated by deoxycytidine 
kinase, such as fludarabine phosphate, are much more toxic 
to human marrow cells than to mouse bone marrow, because 
the enzyme concentration is higher in human cells. 50 In this 
instance, toxicity in humans would not be acturatelv predicted 
by the C X Tapproach. Furthermore, drug candidates that are 
excessively potent (e.g., several of the marine natural products) 
may have biologic effects at plasma concentrations lower than 
the level of reproducible detection. Consequently, those agents 
are not acceptable candidates for plunrmncolojricallv-giiided 
dose escalation. 



FORMULATION STUDIES 

Although the preliminary pharmacologic and toxicologic stud- 
ies may begin before a decision on the final formulation of a 
product, the IND-dirccied toxicology should be performed 
with the final formulation. In addition, other critical studies 
may be influenced by the formulation (e.g.. bioavailability* of 
an oral formulation, insolubility of an agent demonstrating in- 
teresting antitumor activity in the cancer screen). Three impor- 
tant factors that have an impact on formulation studies include 
solubility, stability, and dosage requirements. 51 

Because the route of drug administration for antineoplastic 
agents has primarily been through an intravenous approach, 
the solubility issue has provided a substantial challenge for a 
number of agents with limited aqueous solubility. EfForts to 
improve the solubility of an agent have primarily involved 
physical measures, including the use of various mixed solvent 
systems. Recently, novel approaches, including the use of mi- 
cronization, liposomal encapsulation, and other unique deliv- 
ery systems (e.g., cyclodextrins and coacervate systems) have 
been investigated in an effort to improve methods of drug de- 
livery to tissues. Major efforts are needed to expand the vehi- 
cles that are available for intravenous drug delivery of agents 
with limited aqueous solubility and stability. 

The prodrug approach uses chemical modification to solve 
the difficulty associated with drug insolubility. The most recent 
example of a simple prodrug approach was the synthesis of 
the monophosphate of 2-fluoro-adenine arabinoside (fludara- 



bine).* 2 In essence, the halogenaied nucleoside was poorly sol- 
uble in aqueous solution. In contrast, the monophosphate 
(fludarabine) was more soluble and readily cleaved enzymati- 
cally in vivo to the 2-fluoro-adenine arabinoside. The nucleo- 
side is rapidly rephosphorylated after transport to the intracel- 
lular compartment, and thus can be effective as an anticancer 
agent. 52 

Unique opportunities exist to use monoclonal antibodies to 
selectively deliver antineoplastic agents to targeted tumor cells. 
New methods of prodrug administration (e.g., ADEPT) are 
being evaluated that couple the administration of an anthracy- 
cline glucuronide and the use of a human /^-glucuronidase con- 
jugated to a monoclonal antibody for selected delivery to a 
tumor-bearing animal. It is hoped that this novel approach 
will enhance the selectivity of anticancer agents, and may have 
particular utility in the case of highly potent compounds. 



TOXICOLOGIC INVESTIGATION 

Preclinical toxicology is frequently the final step in the progres- 
sion of a new chemoiherapeutic drug from discovers to initial 
phase I testing in humans. The major objectives of the preclini- 
cal toxicologic studies include ( 1 ) the definition of the qualita- 
tive and quantitative organ toxicities (including dose and 
schedule dependencies); (2) the reversibility of these effects; 
and (3) the initial safe starting dose proposed for humans. In 
general, the best approach is to ensure the preclinical toxico- 
logic studies reflect the intended clinical investigations in hu- 
mans (i.e., identical formulation, schedules, and routes of drug 
administration, and dose levels anticipated to reflect the likely 
experience in patients). 

The actual protocols for performing the preclinical toxicol- 
ogy at the NCI have changed dramatically during the last two 
decades/'**-' 4 Numerous schedules of drug administration were 
examined in a variety of animal species in the era before 1980. 
The emphasis later focused on mouse lethality studies for the 
initial dose-range-finding studies (i.e.. LD J0 , LD Mit and LD WI ). 
The subsequent toxicologic studies were performed on fixed 
schedules to refine the doses associated with lethal and nonlet hal 
toxicities. The preclinical toxicities reported correlated reason- 
ably well with the subsequent clinical observations. 5 *- 53 - 57 How- 
ever, the extent of useless information relating to highly lethal 
murine doses (LD M , and LD 90 ) led to redesign of the toxico- 
logic studies. 

The current toxicologic investigations accepted by the Food 
and Drug Administration involve a simplified two-step ap- 
proach. The initial step focuses on acute toxicity in small ani- 
mals (e.g., mice), and the major endpoint is a determination 
of the LD, 0 , the dose that produces lethality in approximately 
10% of the mice. 

The subsequent second phase of preclinical toxicologic in- 
vestigation is more extensive. The emphasis is given to a careful 
qualitative and quantitative characterization of the organ-spe- 
cific toxicities in rodents associated with the schedule and route 
of administration that is to be used in the initial clinical trial. 
Attention is given to defining accurately those toxicities that are 
likely to be observed at doses slightly higher than the highest 
nontoxic dose. Careful investigation of the doses in the animals 
that approximate the highest projected tolerable dose in the 
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model should provide data that are more relevant to the antici- 
pated clinical experience in patients. 

In the past, most new antineoplastic agents were tested clini- 
cally on two relatively fixed schedules of drug administration 
(i.e., single-bolus intravenous dose once every 3 to 4 weeks 
and 5 consecutive days of treatment repeated at 3- to 4-week 
intervals). The most frequently employed toxicologic protocols 
reflect each of these schedules. Some newer agents entering 
preclinical evaluation for cancer therapy are being proposed 
for continuous intravenous infusion or oral dosing. It is criti- 
cally important that the preclinical toxicologic protocol simu- 
lates the planned therapeutic approach in patients. 

Because there may be substantial variation between species 
in their tolerance to a drug, the safety of a projected starting 
dose in humans is confirmed by examining the preclinical tox- 
icities in at least two species. Both the qualitative and the quan- 
titative toxicities are usually well defined after investigation of 
a small animal model (e.g., mouse) and a larger animal (e.g., 
dog). Only occasionally is testing needed in an additional large 
animal (e.g., monkey), although this species may be useful for 
defining central nervous system pharmacokinetics. 

Certain organ-specific toxicities are reliably detected with 
the current toxicologic models (e.g., myelosuppression and 
gastrointestinal toxicity). In contrast, hepatic and renal toxici- 
ties are often missed or falsely positive in animal testing. Toxic- 
ities involving the heart, lung, nervous system, pancreas, and 
integument are even less reliably appreciated. At best, the pre- 
clinical evaluation can establish a safe starting dose for humans 
and predict acute organ toxicity. A complete definition of the 
toxicologic profile of a new agent usually emerges only after 
extensive clinical experimentation. 



CONCLUSION 

The processes of drug discover) and development of antican- 
cer agents involve substantial time, effort, and resources. The 
approaches to identify- the new therapies are constantly being 
evaluated and modified. The strategies employed for drug dis- 
covers- range from empiric screening (the source of most of 
the current active drugs) to carefully designed proposals to 
exploit the major advances in cancer biology. However, the 
process of testing a new agent and bringing it to clinical trial 
only begins with the discovery of a new active principle. Effi- 
cient development of new discoveries demands the cooperation 
of a multidisciplinary team of investigators who understand 
and respond to the urgent need for new cancer agents. The 
combined resources of government, academic, and the phar- 
maceutical industry laboratories are needed to be successful 
in dealing with the formidable task of finding effective new 
therapeutic products for cancer patients. 



REFERENCES 

1. Chabner BA. Shoemaker 0. Drug development f<ir canter; implication! for chemical 
mudifirn. ImJ Radial Oncol Biol lliys I9H9;I6:W7. 

2. Crever MR. Cancer drug wxeening. In: Schiliky RL. rd. rYinciple* of antineoplastic drug 
development and pharmacology. Nc% York; Marcel IkUer. hit. ISHXi:!. 

3. Crever MR. SeheparuS. Chahner BA. I Tie National Cancer Institute: earner dmj; dimm- 
er) and development program. Semin Oncol IW»2:l9:fiV'L». 

4. KanSer S. Diamond LK. Mercer RI>. Sytvoter RK. WolfTJA. Temporary rrnmMnti* in 
acute leukemia in children produced hy folU at id antagonist, -taminoptrt mlgluianik 
arid (aminitptcrin). N Kngl | Med I<HH;3S«:7h7. 



394 Chapter 19.2 Pha nnacology of Ca ncer Chemothera py 

5. Heiddbcrger C. Chaudhari NK, Danneberg P. et al. Fhioriiuied pyrimidines. A no* class 
of rumor-inhibitory cnmptwnds. Nature 1957:179:663. 

6. Erickson J. Ncidhart OJ. VanDrie J. et al. Design, activity, and 2.8 a crystal structure of 
a C2 symmetric inhibitor completed to HIV. I protease. Science 1990:249:527. 

7. Johnson, RK. Saeening methods in antineoplastic drug discovery. JNCI 1990:82:1082. 

8. Suffness M. Newman DJ. Snader K. Discovery and development of antineoplastic agents 
from natural sources. Bioorg Marine Chem 1989:3:131. 

9. Salmon SE. Lam KS. Felder S. et al. One bead, one chemical compound: use of the 
select ide process for anticancer drug discovery. Acta Oncol 1994:33:127. 

10. Lam KS. Wu J. Lou Q. Identification and characterization of a novel synthetic peptide 
substrate specific for Src-family protein kinases. Int J Pept Protein Res I995;43:587. 

1 1. Cragg CM. Schepanz SA. SufTnew M. Crever MR. The uxol supply crisis. New NCI 
policies for handling the large-scale production of novel natural product anticancer and 
ami-HIV agents. J Nat Prod 1993:56:1657. 

12. Weiss RB. Sarosy C. Clagett-Carr K. Russo M. Leyland-jonei B. Anihracydine analogs: 
the past, present, and future. Cancer Chemother Pharmacol 1986:18:185. 

13. Steinhert LJ. Steinhen PC. Tan C. Cardiac failure and dysrhythmias 6-19 yean after 
anihracydine therapy: a series of 15 patients. Med Pediatr Oncol 1995:24:352. 

14. Smith IE. Mitoxantrone (novantrone): a review of experimental and early clinical studies. 
Cancer Treat Rev 1983:10:103. 

15. Noble RU Beer CT. CutuJH. Role of chance observations in chemotherapy: Vinca rosea. 
Ann N Y Acad Sd 1 958:76:882. 

, 16. Want MC. Taylor HL. Wall ME, Coggon P. McPhail AT. Plant antitumor agents. VI. The 
isolation and structure of taxol, a novel antileukemic and antitumor agent from Taxus 
brevifolia. J Am Chem Soc 1971:93:2325. 

1 7. Scruff PB. FantJ. Horwiu SB. Promotion of microtubule assembly in vitro by taxol. Nature 
1979:277:665. 

18. Rowinsky EK. Donehower RC. Drug therapy: padiuxel (taxol). New Engl J Med 1995: 
332:1004. 

1 9. Walt M E. Wani MC. Cook CE, et al. Plant antitumor agents. I. The isolation and structure 
of camptothecin. a novel alkaloidal leukemia and tumor inhibitor from Camptotheca 
Accuminata. J Am Chem Soc 1966:88:3888. 

20. Hiiang Y-H. Hertzberg R. Hecht S. Liu LF. Camptothecin induces protein-linked DNA 
break* via mammalian DNA topoisomerase I.J Biol Chem 1985:260:14873. 

2 1 Huang Y-H. Liu LF. Identification of mammalian DNA topoisomerase I as an intracellular 
target of the anticancer drug camptothecin. Cancer Res 1988:48:1722. 

22. Rowinsky E. Crochow L. Hendricks C. et al. Phase I and pharmacologic study of topotecan 
(SK L F 104864): a novel topoisomerase inhibitor. (Abstract 240) Proc Am Soc Clin Oncol 
1991:10:93. 

23. Sirott MN. Salu L Young C, et at. Phase I and clinical pharmacologic study of intravenous 
topotecan. (.Abstract 284) Proc Am Soc Clin Oncol 1991:10:104. 

24 Ohmi R. Okada K. Masoaka T. et at. An early phase II study of CPT-I I : a new derivative 
of camptothecin. for the treatment of leukemia and lymphoma. J Clin Oncol 1990:8: 
1907. 

25. Ciovanella BC. Stehlin JS. Wall ME. et at. DNA topoisomerase l-iargeicd chemotherapy 
of human colon cancer in zenogTafts. Science 1 989:246: 1 046. 

26. Pettit CR. Herald CL. Doubck DU et al. Isolation and uructure of brvostatin I. J Am 
Chem Soc 1982:104:6846. 

27. Bai R. Pettit CR. Hamel E. Dotastatin 10. a powerful cy tostatic peptide derived from a 
marine animal: inhibition of tubulin polymerization mediated through the vinca alkaloid 
binding domain. Biochem Pharmacol 1990:39:1941. 

28. Bai RL. Paul KD. Herald CL. et al. Hatichondrin B and homohalichondrin B. marine 
natural products binding in the vinca domain of tubulin: Discover) of tubul in-based mech- 
anism of action by analysis of differential cytotoxicity data. J Biol Chem 1991:266:15882. 

29. Rosenberg B. Fundamental studies with cisplatin. Cancer 1985:55:2303. 

30. Boyd MR. Status of the NCI preclinical antitumor drug discovery screen. PPO Updates 
1989:3:1. 

31 . Skehan P. Storeng R. Scudicro D. et al. New colorimetric cytotoxicity assay for anticancer 
drug screening. JNCI 1990:82:1107. 

32. Chabner BA. In defense of cell -line screening. JNCI 1990:82:1083. 



BEST AVAILABLE COPY 



33. Ifcaible JA. Bibby MC. ntenpeuiic inde«: a vital component in velcuum «»f aiiiitainer 
agems for clinical trial. J NCI 1 9*9:8 1 :9*8. 

34. Modes L Computer-aided selection of compounds fipr antitumor screening: validation 
of a statistical- heuristic method. J Chem Inform Com put Sti 1981,21:123. 

35. Paull KD. Shoemaker RH. Hode* L, et al. Display and analysis of patterns of differential 
activity of drugs against human tumor cell lines: development of mean graph and COM- 
PARE algorithm. JNCI 1989:81:1088. 

36. Powis C. Kozikowtki A. Growth factor and oncogene signalling pathways as targets fur 
rational anticancer drug development. Clin Biochem 1991:24:385. 

37. Workman P. Philosophies of new anticancer drug development. J Drug Dev 1990:2:193. 

38. Keltiher M. Knott A, McLaughlin J. Wtttee ON. Rosenberg N. Differences in oncogenic 
potency but not target cell specificity distinguish the two forms of the bcr/abl oncogene. 
Mol Cell Biol 1991:11:4710. 

39. Lugo TC. Pendergast AM. Mutler AJ. Wit tee ON. Tyrosine kinase activity and transforma- 
tion potency of bcr-abl oncogene products. Science 1990:247:1079. 

40. S/czylik C. Skurski T. Nkhulaides NC. et al. Selective inhibition of leukemia cell prolifera- 
tion by BCR-ABL antisense oligodcoxy nucleotides. Science 1991:253:362. 

41. Keltiher MA. McLaughlin J. Wit tee ON. Rosenberg N. Induction of a chronic myeloge- 
nous leukemia-like syndrome in mice with v-ABL and BCR/ABL. Proc Natl .Acad Sci L'SA 
1990:87:6649. 

42. Cooper CM. Viral oncogenes. In: Oncogenes. Boston: Jones and Ban ten. 1990:26. 

43. Jonei R£. Wegrzyn RJ. Patrick DR. et al. Identification of HPV-16 E7 peptides that are 
potent antagonists of E7 binding to the retinoblastoma suppressor protein. J Biol Chem 
1990:265:12782. 

44. Scaquet MJ. Byar DP. Creen S, Rozencweig M. Clinical predictiviry of transplantable 
tumor sy stems in the selection of new drugs for solid tumors. Rationale fur a three -suge 
strategy. Cancer Treat Rev 1983:67:753. 

45. Corbel t TH. Wozniak A. Cerpheide S. Hanka L. In vitro and in vivo models for detection 
of new antitumor drugs. In: Hanka IJ. KundoT. White RJ.eds. Proceedings of a workshop 
at the 14 th International Congress of Chemotherapy at Kyoto. Tokvo: University of Tokyo 
Press. 1985:3. 

46. Crindcy GB. Current status of canter drug development: Failure or limited success? Can- 
cer Celis 1990:2:163. 

47. Bogden A£. The subrenal capsule assay and its use as a drug screening sy stem. In: Hell- 
man K, Carter SK. eds. Fundamentals of cancer chemotherapy New York: McGraw-Hill, 
1987:173. 

48. Corbett TH. Valeriote FA. Baker LH. Is the P38K murine tumor no longer adequate as 
a drug discovery model? Invest New Drug* 1987:5:3. 

49. Collins J H. Crieshabcr CK. Chabner BA. Pharmacologically guided phase I clinical trials 
based upon preclinical drug development. JNCI 1990:82:1321. 

50. DeSouza JJV. Leibv JM, Staubus AE. Crever MR. Matspeit L. .Altered pharmacokinetics 
of fludarabine phosphate bv 2'-deoxyculormycin in the dog and analysis of a route of 
ftudarabine activation. Proc Am A>*k' Cancer Rev l98j;2n:14IS 

51. Davignon J P. Cradttt<kJC. The formulation of anticamer drum In Hellman K. Caner 
SK, eds. Fundamentals of cancer chemotherapy. New York. McGraw-Hill. 1987:212. 

52. Brockman RW. Cheng YC, Schabel FM. Montgomery JA. Metabolism and chemothera- 
peutic activity of 9-B-D-arabinofurjnosyl-2-fluornadenine against murine leukemia 
LI 2 10 and evidence for its phosphorylation by deoxyevtidinc kinav. Cancer Res 1980: 
40:3610. 

53. Crieshaber CK, Marsoni S. Relation of preclinical tovicologx to findings in earty clinical 
trials. Cancer Treat Rep 1986:70:65. 

54. Lowe MC. Davis RD. The current toxicology protocol of the National Cancer Institute. 
In: Hellman K. Caner SK. eds. Fundamentals of cancer chemotherapy. New York: 
McGraw-Hill. 1987.228. 

55. Schein P. Anderson T. The efficacy of animal studies in predicting clinical toxicity of 
cancer chemoiherapeutic drugs. Int J Clin Pharmacol 1973:8:228. 

. 56. Lowe M. Large animal toxicologies I studies of anticancer drugv In: Hellman K, Carter 

SK. eds. Fundamentals of cancer chemotherapy. New York: McGraw-Hill. 1987:228. 
57. Schurig JE. Bradner WT. Small animal toxicology of cancer drugs. In: Hellman K. Carter 
SK. eds. Fundamentals of cancer chemotherapy. New York: McGraw-Hill, 1987:248. 



